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PROBLEM TO BE SOLVED: To solve the problem that in a 
conventional method for detecting the end point of etching 
of a layer to be treated is detected by utilizing emission 
spectroscopy, the endv point of etching is detected as the 
point, where the etching for a layer to be treated is 
finished so that a base material layer is exposed and 
intensity of light emission of a specified wavelength 
varies and the base material layer is shaved and damaged by 
over etching at that time. 
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SOLUTION: In a method for detecting bnd point ;\ when a 
polysilicon layer P on a gate oxide film G is etched using 
a plasma, the polysilicon layer P is irradiated with light, 
and an end, point of etching is detected by using a 
reflected light thereof. In this method, the polysilicon 
layer P is irradiated with the light, and a spectrum of 
interfering light made by reflection from an interface 
between the surface of the polysilicon layer P and the gate 
oxide film G. is detected, and then the statistic of 
interference intensity of the spectrum is found, and a 
pseudo MWPHK is detected based on variability with time 
of the statistic. 
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(54) METHOD FOR DETECTING END POINT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To solve the problem that 
in a conventional method for detecting the end point of 
etching of a layer to be treated is detected by utilizing 
emission spectroscopy, the end point of etching is 
detected as the point, where the etching for a layer to be 
treated is finished so that a base material layer is 
exposed and intensity of light emission of a specified 
wavelength varies and the base material layer is shaved 
and damaged by over etching at that time. 
SOLUTION: In a method for detecting end point, when a 
polysilicon layer P on a gate oxide film G is etched using 
a plasma, the polysilicon layer P is irradiated with light, 
and an end point of etching is detected by using a 
reflected light thereof. In this method, the polysilicon 

layer P is irradiated with the light, and a spectrum of interfering light made by reflection 
an interface between the surface of the polysilicon layer P and the gate oxide film G is 
detected, and then the statistic of interference intensity of the spectrum is found, and a 
pseudo end point is detected based on variability with time of the statistic. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the terminal point detection approach of etching by the 

plasma. 

[0002] 

[Description of the Prior Art] The etching approach using the plasma is widely applied to the semi- 
conductor production process or the LCD substrate production process from the former. The etching 
system is equipped with the up electrode and lower electrode which were arranged in parallel, for 
example, makes a lower electrode generate the plasma from the gas for etching by discharge an up 
electrode and lower inter-electrode with the condition of having laid processed objects, such as a semi- 
conductor wafer, and bases for it and etches a processed object into a predetermined pattern. 
[0003] The terminal point detection approach using emission spectral analysis as an approach of 
detecting the terminal point of etching is used widely. This terminal point detection approach is an 
approach of choosing the specific active species which is the easiest to observe from active species, such 
as radicals, such as gas for etching, its decomposition product, and a resultant, and ion, and detecting a 
terminal point based on fluctuation of the luminescence reinforcement of the specific selected 
wavelength. For example, when the specific wavelength (483.5 etc.nm etc.) of CO* which is the 
resultant was detected when silicon oxide is etched using the gas for etching of CF system of CF4 grade, 
and a silicon nitride was etched using the gas for etching of CF system of CF4 grade, the specific 
wavelength (674 etc.nm etc.) of N* which is the resultant was detected, and the terminal point is 
detected based on the changing point of each detection reinforcement. Thus, the conventional terminal 
point detection approach is changing the wavelength which is based on an etching process and used for 
terminal point detection. 

[0004] Moreover, the aperture for observation is prepared in an up electrode, light is irradiated from this 
aperture to a processed layer (etched layer), and there is also a method of detecting a terminal point by 
carrying out data processing of the interference wave form produced by reflection from an etched layer. 
For example, on the patent No. 2612089 specifications, the terminal point detection approach of having 
used the fast-Fourier-transform method etc. is proposed. 
[0005] 

[Problem(s) to be Solved by the Invention] However, in the case of the conventional terminal point 
detection approach of having used emission spectral analysis, etching of a processed layer was 
completed, and in order to detect as a terminal point of etching of the time of a substrate layer being 
exposed and the luminescence reinforcement of specific wavelength changing, the technical problem 
that a substrate layer was deleted by the over etching at this time, and it was damaged occurred. 
[0006] Furthermore, recently, it is in the inclination which the gate oxide of a substrate thin-film-izes 
increasingly, and a 40nm thing may reach about 3nm of ** soon now. In such a case, S/N of an 
interference wave form gets very bad, and the analysis by the interference wave form becomes difficult. 
And if the precision of terminal point detection is coarse, damage on the gate oxide by over etching will 
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not be avoided. 

[0007] This invention was made in order to solve the above-mentioned technical problem, and even if a 
processed object multilayer-structure-izes and the substrate layer of a processed layer thin-film-izes, it 
aims at offering the terminal point detection approach that damage by the over etching of a substrate 
layer can be prevented certainly. 
[0008] 

[Means for Solving the Problem] As a result of examining many things about terminal point detection of 
etching and pursuing the time variation of the spectrum of an interference light finely, when this 
invention person looked at the reinforcement of an interference spectrum statistically, it found out that 
did not decrease in monotone to the terminal point of etching, but interference reinforcement once tends 
to change to an increment near the terminal point, and this upward tendency acquired the knowledge that 
it was what shows a terminal sign. 

[0009] This invention is what was made based on the above-mentioned knowledge. The terminal point 
detection approach according to claim 1 In the approach of irradiating light at the above-mentioned 
processed layer, and detecting the terminal point of etching using the reflected light in case the 
processed layer on a substrate layer is etched using the plasma After irradiating light at the above- 
mentioned processed layer and detecting the spectrum of the interference light by the reflection from the 
front face of the above-mentioned processed layer, and an interface with the above-mentioned substrate 
layer, the statistic of this spectrum is calculated and it is characterized by detecting the pseudo-end point 
based on the time variation of a statistic. 

[0010] Moreover, the terminal point detection approach of this invention according to claim 2 is 
characterized by leaving the etched layer of predetermined thickness to the above-mentioned substrate 
layer in invention according to claim 1 in the above-mentioned pseudo-end point. 
[001 1] Moreover, the terminal point detection approach of this invention according to claim 3 is 
characterized by for the above-mentioned pseudo-end point measuring the above-mentioned processed 
layer, the statistic calculated using the sample of the same kind, and the statistic which carries out time 
amount change according to advance of etching of the above-mentioned processed layer, and detecting it 
in invention according to claim 1 or 2. 

[0012] Moreover, the terminal point detection approach of this invention according to claim 4 is 
characterized by using at least one of the average of the reinforcement of two or more places of the 
above-mentioned spectrum, a mean square value, or the variances for any 1 term of claim 1 - claim 3 as 
the above-mentioned statistic in invention of a publication. 

[0013] Moreover, the terminal point detection approach of this invention according to claim 5 is 
characterized by for the above-mentioned substrate layer consisting of gate oxide, and the above- 
mentioned processed layer consisting of a polish recon layer for gate electrodes in invention given in 
any 1 term of claim 1 - claim 4. 

[0014] Moreover, after the terminal point detection approach of this invention according to claim 6 
detects the above-mentioned pseudo-end point in invention given in any 1 term of claim 1 - claim 5, it is 
characterized by switching the above-mentioned etching process to the process of a high selection ratio 
[0015] 

[Embodiment of the Invention] Hereafter, this invention is explained based on the operation gestalt 
shown in drawing 1 - drawing 7 . First, it explains, referring to drawing 1 about an example of the 
etching system to which the terminal point detection approach of this invention was applied. The etching 
system 10 shown in drawing 1 is equipped with the lower electrode 12 which served as the installation 
base in which it is arranged in the base in the processing room 1 1 which consists of conductive 
ingredients, such as aluminum, and this processing room 1 1, and the semi-conductor wafer W as a 
processed object is laid, and the up electrode 13 arranged above this lower electrode 12 by separating 
predetermined spacing. Gas supply section 1 1 A to which the source of gas supply (not shown) was 
connected is formed in the upper part of processing room 1 1 peripheral surfaces, and gas discharge 
section 1 IB to which evacuation equipment (not shown) was connected is formed in the lower part of 
processing room 1 1 peripheral surfaces. Moreover, RF generator 15 is connected to the lower electrode 
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12 through a matching box 14, RF generator 17 with a more high frequency is connected to the up 
electrode 13 through a matching box 16, and Wafer W is etched. 

[0016] Therefore, after exhausting through evacuation equipment from gas discharge section 1 IB and 
decompressing the inside of the processing room 1 1 to a predetermined degree of vacuum, where high- 
frequency power is impressed to the vertical two electrodes 12 and 13, respectively If the gas for etching 
is supplied into the processing room 1 1 from gas supply section 1 1 A The plasma of the gas for etching 
is generated between two electrodes 12 and 13. For example, until it reaches gate oxide (thickness:, for 
example, 0.003-0.1 micrometers) G which consists of silicon oxide from opening of the resist layer 
(thickness: 1 .2 micrometers) R of the wafer W front face on the lower electrode 12, as shown in drawing 
2 The polish recon layer (thickness:, for example, 0.3 micrometers) P is etched, and the gate electrode of 
a predetermined pattern is formed. 

[0017] In the early phase which etches the polish recon layer P, anisotropic etching of the polish recon 
layer P is performed in the high-speed etching mode in which an etch rate is high. And after detecting 
the pseudo-end point using the description of the statistic which appears as a sign of an etching terminal 
point through the below-mentioned terminal point detection equipment, it etches in the end of etching by 
switching high-speed etching mode to the high mode of a high selection ratio of the selection ratio of the 
polish recon layer P to gate oxide G. If it etches in the mode of a high selection ratio, gate oxide G can 
prevent shaving picking of gate oxide G, without etching almost. Even if there is dispersion at the 
etching termination time by the location, shaving picking of gate oxide G of the part which ends etching 
early can be prevented. A switch in the mode [ mode / high-speed / etching ] of a high selection ratio can 
be performed by switching the class of gas for etching or making small high-frequency power impressed 
to the lower electrode 12. 

[0018] Subsequently, terminal point detection equipment is explained in full detail. The above- 
mentioned processing room 1 1 is equipped with the window part material 18 for tubed monitors, and 
transparence plate 18A for monitors which consists of the transparent bodies, such as quartz glass, is 
attached in the upper limit of this window part material 18. The lower limit section of the window part 
material 18 penetrated the through tube of the up electrode 13, and has countered with the front face of 
the semi-conductor wafer W. And the pseudo-end point of etching of the semi-conductor wafer W in the 
processing room 1 1 is detected through the terminal point detection equipment 20 connected with this 
window part material 18. This terminal point detection equipment 20 is equipped with the light source 
21, an optical fiber 22, a lens 23, a polychromator 24, a photodetector 25, the pseudo-end-point 
detection means 26, and memory 27 as shown in drawing 1 . For example, the synchrotron orbital 
radiation L of the about 200-950nm wavelength region from the light source 21 is irradiated on the front 
face of the semi-conductor wafer W in the processing room 1 1. The interference reinforcement of the 
interference light L0 to reflect is detected through a polychromator 24 and a photodetector 25 by 1024 
points of for example, the above-mentioned wavelength region from a semi-conductor wafer W front 
face. After obtaining the spectrum of an interference light L0, the pseudo-end point of etching is 
detected based on change of the statistic of the spectrum for every predetermined time. 
[0019] Drawing 3 is the graph which shows time amount change of the spectrum of the interference 
light at the time of etching the polish recon layer which uses 0.4-micrometer gate oxide as a substrate 
layer, and has shown five spectrums extracted every 20 seconds of the spectrum 10 seconds after an 
etching initiation time, and after that. An axis of abscissa shows the wave number of an interference 
light, and an axis of ordinate shows spectral intensity. Moreover, in this drawing, as for the broken line, 
the two-dot chain line shows [ the continuous line ] the spectrum of 90 seconds after for the alternate 
long and short dash line after 70 seconds after 50 seconds after 30 seconds after 10 seconds, as for the 
thick continuous line. According to this drawing, it can grasp that the residual membrane of the passage 
of time P, i.e., a polish recon layer, takes [ a spectrum ] for becoming thin, and interference 
reinforcement becomes weak. Moreover, the 4th spectrum (spectrum of 70 seconds after) becomes 
stronger than the reinforcement of the spectrum before that, a strength reduction inclination once 
changes to a upward tendency, and it turns out that reinforcement is decreasing again for 90 seconds at 
the time. 
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[0020] So, with this operation gestalt, the interference reinforcement in the wave number of 1024 points 
of a spectrum is measured for every time amount, using a sample wafer, it considers, respectively that 
the data of the interference reinforcement of each wave number are a statistic, and they are saved for 
every time amount, and it pursues until it reaches the terminal point of etching of this data on the 
strength. And they are serially computed for every predetermined elapsed time, using as a statistic the 
average (mean square value) and the variance (or standard deviation value) (it is equivalent to the 
alternating current component of a spectrum) of the average (it is equivalent to the dc component of a 
spectrum) of the data on the strength for every time amount, and the value which squared reinforcement. 
The graphs which plotted time amount change of these statistics are drawing 4 - drawing 6 . When the 
time of etching initiation to a termination time plots these statistics so that clearly from drawing 4 - 
drawing 6 , it turns out that each statistic is drawing the curve which repeats increase and decrease 
respectively characteristic as the sign by etching termination. Even if this phenomenon changes the 
depth of etching, before etching termination, surely appearing as the increase and decrease characteristic 
as that sign of a wave is checked. In addition, the curve shown in drawing 4 , drawing 5 , and drawing 6 
shows the average curve when etching the polish recon layer P of the same kind to 40nm depth, a mean 
square value curve, and a variance curve, respectively. 

[0021] The characteristic increase and decrease which appear as a sign of etching termination are used, 
and the time of the polish recon layer P remaining to some extent is set up as the pseudo-end point, and 
when this pseudo-end point is arrived at, he is trying to switch etching mode to the mode of a high 
selection ratio from high-speed etching mode in this invention. However, the amount of residual 
membranes when setting up the pseudo-end point is beforehand decided by the specification. Although 
the amount of residual membranes is good at least when the homogeneity of etching is good, it is 
because it is necessary to enlarge the amount of residual membranes when homogeneity is bad. 
[0022] A setup of the pseudo-end point is performed by grasping the description of each statistic curve 
of drawing 4 - drawing 6 as follows, using for example, a sample wafer as a sample. The average curve 
shown in drawing 4 decreased from the time of impressing an RF generator, it started to increase clearly 
in about 55 seconds, decreased again in about 70 seconds, increased again in about 80 seconds, became 
fixed after about 85 seconds, and has suggested arriving at the terminal point of etching to during this 
period. Also in the mean square value curve of drawing 5 , and the variance curve of drawing 6 , it 
changes to increasing clearly before or after 55 seconds like the case of drawing 4 . And it grasps in the 
experiment beforehand by using the location of each statistic curve, and relation between numerical 
change and the amount of residual membranes as the description data. For example, memory 27 is made 
to memorize these description data beforehand. As description data, about 55 seconds after impressing 
an RF generator, that a curve increases, that the rate of increase becomes beyond a predetermined value, 
the rate's of increase becoming below a predetermined value, the amount of residual membranes in each 
time, etc. are calculated, for example. For example, in drawing 6 , the curve has started to increase after 
[ of the time of impressing an RF generator ] 55 seconds. Then, if the time of detecting that the curve 
has started to increase before or after 55 seconds from the time of impressing an RF generator as a 
description of this curve is set up as the pseudo-end point, the pseudo-end point is certainly detectable 
from this description. When this description is detected, etching mode is switched to the mode of a high 
selection ratio, and the over etching of gate oxide G is prevented certainly. 

[0023] On the other hand, as shown in drawing 7 , when the conventional emission-spectral-analysis 
method is used, luminescence reinforcement was fixed till around 70 seconds and 70 seconds have 
passed since the initiation time of etching of luminescence reinforcement, it begins to decrease for the 
first time, and becomes fixed again before or after 90 seconds. It turns out that etching is partially 
completed before or after 70 seconds when luminescence reinforcement began to decrease from this. 
Since gate oxide G which is the substrate layer of the polish recon layer P partially is shaved off if 
etching mode is not partly switched rather than 70 seconds at least at the last time in order to prevent the 
over etching of gate oxide G, it cannot respond to thin film-ization of gate oxide G. Then, in this 
approach, even if it is going to set up the pseudo-end point as used in the field of this invention of partial 
termination of etching in front partly, since partial termination of etching is fixed and any change is not 
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accepted, either, a luminescence curve on the strength cannot set up the pseudo-end point by this middle. 

[0024] Subsequently, the terminal point detection approach of this operation gestalt is explained. If the 
synchrotron orbital radiation L of the light source 21 which consists of a xenon is perpendicularly 
irradiated to a wafer W front face through an optical fiber 22 as shown in drawing 1 and drawing 2 for 
example, a part of synchrotron orbital radiation L is reflected as the reflected light LI from the front face 
of the polish recon layer P, as shown in drawing 2 , and the residual synchrotron orbital radiation L will 
penetrate the polish recon layer P, and will be reflected as the reflected light L2 from the interface of the 
polish recon layer P and gate oxide O. It interferes in these reflected lights LI and L2 mutually. In a 
polychromator 24, the spectrum of the interference light L0 is carried out to every wavelength (wave 
number) via the window part material 18 for monitors, and an optical fiber 22. In a photodetector 25, as 
for the interference light L0 by which the spectrum was carried out in the polychromator 24, the 
interference signal on the strength with which interference reinforcement was detected and photo 
electric conversion was carried out the back reaches the pseudo-end-point detection means 26 for every 
wavelength in 1024 points. 

[0025] With the pseudo-end-point detection means 26, the pseudo-end-point detection program memory 
27 was remembered to be is used. It is based on the data signal of each wave number of an interference 
light L0 on the strength inputted from a photodetector 25. For every predetermined time The average of 
interference reinforcement, After computing a mean square value or a variance (or standard deviation 
value), that rate of change is computed further and the successive approximation of this calculation 
value is carried out to the description data memorized by memory 27, and when a calculation value 
change is in agreement with the description data, it judges with what reached the pseudo-end point. It 
switches to the mode of a high selection ratio from the mode of high-speed etching of etching mode 
through a control device 28 after this judgment, and etching is ended where the polish recon layer P is 
left somewhat. Thereby, the over etching of gate oxide G can be prevented certainly. The time amount 
from the pseudo-end point to an etching halt is beforehand found using a sample wafer, and sets up the 
time amount beforehand to terminal point detection equipment 20. Even if that setup time may exceed at 
the time of actual etching, since it is already high selection-ratio mode, at this time, damage by the over 
etching of the gate oxide film G can be controlled to the minimum. 

[0026] As explained above, according to this operation gestalt, the predetermined synchrotron orbital 
radiation L is irradiated at the polish recon layer P of Wafer W. The spectrum of the interference light 
L0 reflected from the front face of the polish recon layer P and an interface with gate oxide G is 
detected. Since at least one of the average of the reinforcement of two or more places of this spectrum, a 
mean square value, and the variances (or standard deviation value) is calculated as a statistic and the 
pseudo-end point was detected based on the time variation of this statistic, Damage by the over etching 
of gate oxide G which is the substrate layer of the polish recon layer P can be certainly prevented by 
detection of the pseudo-end point. Moreover, according to this operation gestalt, since it left the polish 
recon layer P of predetermined thickness to gate oxide G, even if gate oxide G will thin-film-ize further 
from now oh, the damage can be prevented certainly in the pseudo-end point. 

[0027] Moreover, since statistics, such as an average value calculated with this operation gestalt using 
the actual wafer and the sample wafer of the same kind, a mean square value, and a variance, and the 
statistic which carries out time amount change according to advance of etching of the polish recon layer 
P at the time of real operation are measured and the pseudo-end point was detected, the pseudo-end 
point can be judged only by comparing the description of a statistic in an instant, and the over etching of 
gate oxide G can be prevented more certainly. Moreover, since at least one of the average of the 
reinforcement of two or more places of a spectrum, a mean square value, or the variances was used as a 
statistic, the detection precision of the pseudo-end point can be further raised by being able to detect the 
pseudo-end point certainly by using one of statistics, and using, combining two or more kinds of 
statistics suitably. Furthermore, with this operation gestalt, since the etching process was switched to the 
mode of a high selection ratio after detecting the pseudo-end point, even if the residual membrane of the 
polish recon layer P after the pseudo-end point may decrease more certainly and may carry out over 
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etching of the gate oxide G, etching to gate oxide G can prevent certainly damage by the over etching of 
gate oxide G very late. 

[0028] In addition, although each above-mentioned operation gestalt explained the case where the polish 
recon layer P on gate oxide G was etched, this invention is applicable also to other processed layers. 
Moreover, although the above-mentioned operation gestalt explained the case where the interference 
reinforcement of 1024 points was measured, using the light of a 200-950nm wavelength region, it is not 
necessary to say that it is not what is restricted to this wavelength region and point size. For example, if 
a measure point is reduced by half alternately, the computation time of a statistic can be shortened. 
Moreover, if luminescence reinforcement restricts a measurement wavelength field to the field (for 
example, 400-700nm) which changes notably, the computation time of a statistic can be shortened too. 
Unless it deviates from the summary of this invention in short, it is included by the range of the 
invention in this application even if it changes each component. 
[0029] 

[Effect of the Invention] According to invention of this invention according to claim 1 to 6, even if a 
processed object multilayer-structure-izes and the substrate layer of a processed layer thin-film-izes, the 
terminal point detection approach that damage by the over etching of a substrate layer can be prevented 
certainly can be offered. 



[Translation done.] 
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